Abstract: The purpose of this paper is to design a robust controller for the new design of hydrazine micro pumps, by studying the real prototype using a high-performance oscilloscope attached to the real pump system. In other words we have designed a relatively accurate mathematical model of the micro pump by using the data extracted with the oscilloscope and then we have calculated and tested a robust controller using backstepping technique. Simulation results are satisfactory regarding the desired criteria. The micro pump consists of an electromagnetic actuator which moves a piston forward and backward (stroke 0 to a few mm). The main advantage in using these new devices consists on increase the capacity maneuverability of the satellite with the same tank volume gain with respect to the existing satellites systems allowing the overall system to operate even if the gas reservoir pressure level is low, thus bringing great advantages (reduced costs, better maneuverability).
INTRODUCTION
Research in the satellites technology has been increasing in the last years as more exploration space vehicles have been sent out and the planned space missions have increased, emphasizing the interest in this field in the near future, throughout the world. Thus scientists are continuously working on developing new design models, with reduced size and weight, having enhanced capabilities and better overall performance. Using the acquired experience throughout the last years, the new criteria in terms of performance, robustness and long lifetime can be achieved by intensifying the practical and theoretical investigations related to space vehicles, including planetary Landers together with their newly developed specific propulsion systems. Details on different propulsion systems may be seen, for example in (Griffin and French, 1991, Hill and Peterson, 1965) .
In this paper, we emphasize our research connected to small satellites technologies. The starting point in our research concerns the gas tank which cannot be totally emptied, resulting a considerable amount of used gas, because the currently designed system does not have the physical capability to operate for low pressure values inside the reservoir, that is, below a given value it is not possible to apply any impulse control even though the gas tank has fuel in it and that is the end of the satellite usual lifetime. In order to improve the lifetime of the propulsion system, a new concept consists of using a micro pump with hydrazine gas for which a prototype has been conceived and realized.
Therefore, the goal of this paper is to design a robust controller for this new design of hydrazine micro pumps, by means of mathematical modeling, control and simulation results, in order to test the proposed solution with respect to a number of physical constraints.
The concept of the micro pump is based on an electromagnetic actuator by which it is possible to move the piston forward and backward (due to the fluid pressure) and thus transferring fuel with a desired frequency from accumulator to tank. The position of the running piston in normal functioning mode should be in the range of 0 to a few mm. In some previous work (Vannier et al., 2003) , one may find the details of the technology involving the actuator, in addition to some heuristic but operating controllers. Some stabilization problems arise related to these controllers in some frequencies range that are difficult to handle, but the fact that no analytic analysis is yet available needs to be taken into account. Previous studies stress upon the undesirable vibrations that appear when using open loop controller. This is a reason for choosing to elaborate a more accurate mathematical model of the micro pump system. Using this model we have been able to design a robust, but complex controller. Depending on the constraints regarding the complexity of the real controller, it might be possible to simplify the mathematical form of one that we propose, nevertheless affecting the overall robustness.
In order to improve the operating required range of frequencies, the modeling of the micro pump has been revisited and unlike the one described in (Vannier et al., 2005) , in the newly model we take into account the changes of pressure in the tankers. The mathematical modeling phase is a very difficult task because, for the physical experimentations, we obviously could not use the hydrazine, so we have used water or Nitrogen gas instead.
We have then applied the backstepping based approach in order to make the system robust with regards to some vibrations that might occur in the real system. For more than a decade, this approach has become very popular with respect to nonlinear systems in the "strict feedback form". We have been able to successfully apply it on the calculated system of equations regarding the model of the micro pump and afterwards we have performed the numerical simulations which showed that the overall micro pump system met the desired criteria (operating frequency, oscillating amplitude) throughout both transient and steady state regime. Early studies stress on the problems that arise with classical controller designs in the transient regime (Vannier et al., 2003) .
The paper is organized as follows. Section 2 describes the basic principal of the system under consideration. Section 3 is dedicated to the proposed revisited nonlinear modeling. The controller design is derived in Section 4. In Section 5, we have attached the simulation results. A short conclusion ends the paper.
MICRO PUMP BASIC PRINCIPLE
The described micro pump operates with an assumed linear reluctance motor as actuator. It has a cylindershaped stator that accommodates the translator and exhibits rotational symmetry (Arzandé, et al., 2002) . The translator consists of a shaft whose movement is confined on both sides: on one side, a circular disk with the same diameter as the stator acts as a magnetic conductor and on the other side, there is a smaller disk with a rubber damper. The translator enters a pressure chamber that is equipped with two valves so that the linear movement of the translator is transformed into pumping action. This part might be referred to as the moving circular diaphragm, namely a disk of thickness a with a hole in its centre where the pump axis is rigidly fixed.
The stator of the actuator accommodates the coil of n turns, placed perpendicular to the magnetic field that is wound around the axe of the translator. When a current flows through the coil, a magnetic field is built up that flows through the stator and the translator. The advantage of using an electromagnet over a normal one consists on the ability to vary the magnetic field.
The system acts to minimize its magnetic energy. Since most of the energy is stored in the gap between the big stopper disc and the stator, it results a force that strives to close the gap. The force can be described as:
with E as the magnetic energy and x as the position of the translator. The magnetic energy of the system is given by:
which renders the magnetic force:
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The actuator structure exhibits a rotational symmetry. The axis of symmetry is displayed in dashed line as illustrated in figure 1 . I denotes the electrical current which flows in the coil. h is the height of the slot. e is the air gap thickness, 1 r and 4 r are the actuator interior and exterior radius respectively while 2 r , 3 r are the interior and exterior slot radius respectively.
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Fig.1. Actuator scheme of CSTM 17th IFAC World Congress (IFAC'08) Seoul, Korea, July 6-11, 2008 The material of the actuator's magnetic core has been chosen so that the magnetic flux passing trough the coil would meet a sufficiently high frequency for the pump flow and a relative good amplitude level of the magnetic field, providing the force capable to drive forward and backward the translator. Previous studies concerning the materials used, the calculation of the different forces involved in this system together with the physical constraints, the induced voltages and current levels have been carried out and described in (Dugué et al., 2000 (Dugué et al., , 2001 ). The prototype of the micro pump is shown in figure 2. Roughly speaking, during pumping action, two main forces are involved: the magnetic force, and the force from the pressurized system. Whenever the magnetic force is low, the translator is pushed away from the pressure chamber by the pressure of the liquid, the valve of the liquid reservoir opens and the chamber gets filled. The contrary movement happens when the current in the coil rises and the magnetic force gets stronger: the stator moves towards the chamber, the second valve opens whereas the first one closes, and the liquid is pressed into the accumulator. This leads to an increase of the pressure in the accumulator. The pressure force pres F was modeled assuming ideal valves, with instantaneous pressure changes: 
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In the formulas above we have considered the Ox axis as given in figure 3, 1 x being the position and 2
x being the speed of the piston.
Other forces that appear in the model are as follows: the translator's movement in the stator is subject to friction that is modeled according to Coulomb friction:
When the gap closes all the way we have a physical metal-to-metal contact, namely the metal-bumper force mb To calculate the inductance, the system has been modeled using Force Electromotive modeling. The inductance has been approximated by the function:
making the magnetic force:
The piston micro pump weight is neglected, so when applying Newton's second law we have:
The resulting system in state space representation is: The coil is supplied using the variable voltage U . By applying the Faraday's law (differential) and the Kirchoff loop rule and taking into account the loss resistance R in series to the coil, we get
By extracting the derivative of the current, we get the third equation of the overall system. A simplified scheme of the power converter which has been used is given in figure 5 . It consists of two MOS Transistors T 1 and T 2 , plus two diodes D 1 and D 2 . V represents its input voltage source. x as the state variables and 2 I C = the command. Because this subsystem is in the "strict feedback form", we can apply backstepping technique in order to calculate the desired current value I . Using this information and the 3 rd equation of the system, one may be able to extract the desired values of the voltage U. Finally we have the mathematical form of U that we need in order to control the micro pump's piston. The normalized constraint ] 1 , 1 [− ∈ U has been taken into account. 
Position reference trajectory
we have been able to calculate the virtual command for the second state variable 2 x by imposing the negative-definite condition on 1 V , resulting: 
Command U
Using the third equation of (11), we get
SIMULATION RESULTS

Simulation results without perturbation
A set of numerical simulations has been performed and the values of the parameters used have been normalized in the figures hereafter. 
Simulation results with unstructured uncertainties
Consider an external unknown perturbation force acting on the piston and having the physical meaning of spontaneous external vibration acting on the micro pump itself and thus on the piston. If the induced force may be assumed as x δ m W = , x δ might be considered as the acceleration of the perturbation force acting on the piston. We have used the range ] 7 , 7 [− ∈ x δ and the Uniform Random block of 17th IFAC World Congress (IFAC'08) Seoul, Korea, July 6-11, 2008 Simulink. The perturbation lasts for 0.1 seconds starting from 1 . 0 0 = t seconds (figure 10). This paper presents a revised modeling of a new design hydrazine micro pump for small satellites propulsion systems, taking into account the pressure changes for increased validity of the model. A set of numerical simulations have been performed and have proved that the proposed controller, based on backstepping approach, leads to satisfactory results even in the case of high frequency range for the reference signal. Also, we have achieved good performance in terms of robustness with regards to unstructured uncertainties.
